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ABSTRACT 

Ana l ys i s  o f  s c a l e  p a t t e r n s  was i n v e s t i g a t e d  as a  method o f  a p p o r t i o n i n g  Yukon 
R i v e r  f a l l  chum salmon (Oncorhynchus keta)  ha rves t s  t o  s tock  o f  o r i g i n .  
C l a s s i f i c a t i o n  accurac ies  f o r  f i ve -way  s t o c k  of o r i g i n  models f o r  t h e  Tok la t ,  
De l ta ,  Sheenjek, F i s h i n g  Branch, and Canadian mainstem Yukon R i ve rs  were low 
f o r  bo th  age-0.3 and -0.4 f i s h  (38.7% and 28.0%, r e s p e c t i v e l y ) .  Two-way 
c l  a s s i f i c a t i o n s  o f  summer and f a l l  chum salmon y i e l d e d  mean c l  a s s i f i c a t i o n  
accurac ies  o f  67.1% and 65.9% f o r  age-0.3 and -0.4 f i s h ,  r e s p e c t i v e l y .  
C l  a ss i  f i c a t i o n  accurac ies  were cons idered unacceptably  low and no a t tempt  was 
made t o  appo r t i on  harves ts .  

KEY WORDS: Chum salmon, Oncorhynchus ke ta ,  s t ock  separa t ion ,  c a t c h  and r u n  
apport ionment,  1  i n e a r  d i s c r i m i n a n t  ana l ys i s ,  Yukon R iver ,  A1 aska 



INTRODUCTION 

Yukon R ive r  chum salmon (Oncorhynchus ke ta  Wal baum) are harvested i n  a wide 
range o f  f i s h e r i e s  i n  both marine and fresh waters. Dur ing t h e i r  ocean 
residence, they  are  harvested i n  salmon g i l l  n e t  f i s h e r i e s  i n  t h e  North 
P a c i f i c  Ocean and Ber ing Sea, i n  t r a w l  f i s h e r i e s  i n  t he  Ber ing Sea, and i n  
coasta l  purse seine and g i l l  n e t  f i s h e r i e s  o f  t h e  Alaska Peninsula. They are 
the  most abundant species r e t u r n i n g  t o  the  Yukon River ,  averaging more than 
1.5 mi 11 i o n  f i s h  harvested annual ly  (1981-85) by i n r i v e r  commerci a1 and 
subsistence f i s h e r i e s  i n  Alaska and Canada (Figures 1 and 2) .  

Yukon R i v e r  F i she ry  

Chum salmon r e t u r n  t o  t h e  Yukon R iver  i n  two d i s t i n c t  runs termed summer and 
f a l l  chum salmon. Summer chum salmon are the  most abundant o f  t h e  two w i t h  
an average annual commerci a1 and subsi stence harvest  o f  1,086,353 f i sh 
(1981-85). They are charac ter ized by t h e i r  e a r l i e r  run  t i m i n g  ( e a r l y  June t o  
mid J u l y ) ,  smal le r  s i z e  (average 6-7 l b ) ,  and r a p i d  matura t ion  i n  f resh  
water. Spawning occurs p r i m a r i l y  i n  r u n - o f f  t r i b u t a r i e s  i n  t h e  lower 500 
m i les  o f  t h e  drainage and i n  t h e  Tanana R iver  system. Most summer chum 
salmon are harvested i n  a commercial g i l l  ne t  f i s h e r y  i n  D i s t r i c t s  1 and 2 
(1981-85 average 591,069 f i s h )  and commercial and subsistence g i l l  n e t  and 
f ishwheel f i s h e r i e s  i n  D i s t r i c t  4 (1981-85 average 347,482 f i s h ) .  

F a l l  chum salmon are  d i s t i ngu i shed  by t h e i r  l a t e r  run  t i m i n g  (mid J u l y  t o  
e a r l y  September), l a r g e r  s i z e  (average 7-8 1 b) ,  robus t  body shape, and b r i g h t  
s i l v e r y  appearance. F a l l  stocks migra te  f u r t h e r  upstream and spawn p r i m a r i l y  
i n  sp r i ng - fed  t r i b u t a r i e s  o f  t he  upper drainage which t y p i c a l  1y remain 
i c e - f r e e  du r ing  t h e  w in ter .  F a l l  chum salmon are i n  g rea t  demand due t o  
t h e i r  appearance, s ize ,  and h igh  o i l  content  and are  harvested i n  commercial 
and subsistence f i s h e r i e s  i n  a l l  Yukon R ive r  d i s t r i c t s .  An average o f  61.8% 
(1981-85) o f  t h e  annual t o t a l  u t i l i z a t i o n  (commercial and subsistence 
combined) occurred i n  t he  commercial g i l l  ne t  f i s h e r y  i n  D i s t r i c t s  1 and 2 
(1981-85 average 209,358 f i s h )  and i n  a subsistence g i l l  n e t  and f ishwheel 
f i s h e r y  i n  D i s t r i c t  5 (1981-85 average 100,812 f i s h ) .  

Recent f i s h e r y  t rends  f o r  f a l l  chum salmon have necess i ta ted  a conservat ive 
management approach which precludes achievement o f  optimum susta ined y i e l d ,  
t h e  o v e r a l l  o b j e c t i v e  o f  t he  research and management programs o f  t he  Alaska 
Department o f  F i sh  and Game (ADF&G). The t o t a l  u t i l i z a t i o n  o f  Yukon R iver  
f a l l  chum salmon i n  the  Alaska p o r t i o n  of t he  drainage increased 20% from 
the  1976-80 average o f  399,000 f i s h  t o  the  1981-85 average o f  477,000 f i s h .  
S i m i l a r l y ,  t o t a l  u t i l i z a t i o n  i n  Yukon T e r r i t o r y ,  Canada, increased from an 
average o f  14,000 f i s h  du r ing  1976-80 t o  an average o f  28,000 f i s h  du r ing  
1981-85. This  harvest  increase was accompanied by a corresponding dec l i ne  i n  
escapements f o r  most o f  the  major spawning areas, e s p e c i a l l y  i n  1982-84. 
Escapements i n  t h e  Sheenjek, F ish ing  Branch, Toklat ,  and De l ta  Rivers f o r  t he  
pe r iod  1982-84 averaged 42%, 60%, 59%, and 26%, respec t i ve l y ,  below the  







escapement objectives established in 1987 for each of these streams (L.S. 
Bukl is, A1 aska Department of Fish and Game, Anchorage, personal 
communication). 

Stock conservation concerns, especially for the 1986-88 returns, prompted 
fishery managers to adopt conservative management strategies with reduced 
fishing time and season closures. The Alaska Board of Fisheries reduced the 
1 ower Yukon River (Districts 1-3) commerci a1 guide1 ine harvest range for fa1 1 
chum salmon from 110,000-220,000 to 0-110,000 fish beginning with the 1986 
season. The guideline harvest range in the upper Yukon River (Districts 4-6) 
for fall chum and coho salmon combined was similarly reduced from 
25,500-100,500 to 0-50,250 fish beginning in 1986. 

Management of chum salmon harvest in the lower Yukon River is complicated by 
an overlap in run timing of fall chum and summer chum salmon during July. 
There is evidence from mark and recapture studies conducted during the 1970's 
(Buklis 1984) that fall chum salmon destined for spawning tributaries 
farthest upstream begin entering the lower Yukon River during this transition 
period. Because stock composition information which details the relative 
abundance of each run is lacking, current Board of Fisheries management 
regulations require closure of the fishery in the lower river on July 15 for 
at least 2 to 3 weeks. This is done to protect the early portion of the fall 
run which is subject to high exploitation in upstream districts. 

Accurate estimates of escapements and information about stock composition of 
Yukon River fall chum salmon harvests are essential to formulation and 
adoption of less conservative management strategies which will permit 
achievement of the Department's stated goal of optimum sustained yield. 

Previous Stock Composition Investigations 

ADF&G has investigated scale patterns analysis (SPA) as a possible method for 
obtaining estimates of fall chum salmon stock contributions to Yukon River 
harvests in 1974-77 and 1982 (Bethe 1978; P. V. Krasnowski, ADF&G, Anchorage, 
personal communications; D. N. McBride, ADF&G, Anchorage, personal 
communications). Initial investigations on the feasibility of using SPA 
(Appendices A. 1-A. 5) indicated potential uti 1 i ty for the method, but results 
were generally inconclusive as not all major spawning groups were sampled. 

In a 2-way classification of Toklat and Sheenjek River fish from 1974, Bethe 
(1978) obtained mean classification accuracies of 67.6% and 70.8% for models 
based on age-0.2 and age-0.3 fall chum salmon, respectively (Appendix A. 1). 
Small sample sizes, non-freshwater rearing life history of chum salmon, and 
mis-aging of scales due to excessive resorption of scale margins were listed 

l~all chum and coho catches are combined in District 1-4 as the less abundant 
coho salmon are only harvested incidentally to the directed fall chum salmon 
fishery and are seldom differentiated in catches by fishermen and proc- 
essors. 



as possible reasons fo r  low c l a s s i f i c a t i on  accuracies. In con t ras t ,  the  
percentage of age-0.2 f i sh  correct ly  c l a s s i f i ed  in 1976 was 75.6% in a 3-way 
c l a s s i f i c a t i on  of Tokl a t ,  Sheenjek, and Delta River samples. 

P .  V .  Krasnowski (ADF&G, Anchorage, personal communications) estimated the  
average percentage of age-0.3 samples correct ly  c l a s s i f i ed  in 1977 for  a 
three-way c l a s s i f i c a t i on  of the  Sheenjek, Toklat, and Delta Rivers, and a 
four-way c l a s s i f i c a t i on  of the Sheenjek, Tokl a t ,  Delta and Fishing Branch 
Rivers t o  be 60.5% and 56.7%, respectively (Appendix A.4). 

Because of the  inaccuracies involved in aging f i sh  from resorbed scales ,  D.  
N .  McBride (ADF&G, Anchorage, personal communications) investigated the  use 
of SPA models using data from ages-0.2 and -0.3 f i sh  pooled fo r  samples 
collected in 1974, 1975, and 1982. Stock standards were constructed from 
individual spawning stocks and f i she r i e s  pooled f o r  the  three  major Yukon 
River sub-drainages which support f a l l  chum salmon spawning: 1) t he  Tanana 
River drainage, 2 )  the  Porcupine River drainage, and 3) the  mainstem Yukon 
River drainage in Canada. The 3-way c l a s s i f i c a t i on  of Tanana, Porcupine, and 
Canadian stock groupings yielded average percentages fo r  samples correct ly  
c l a s s i f i ed  of 44.1% (Appendix A.  1 ,  54.6% (Appendix A . 2 ) ,  and 50.2% 
(Appendix A.5) f o r  1974, 1975, and 1982, respectively.  Analysis of variance 
fo r  scale  features  indicated 1 arge differences between age groups. 

The 1 ow cl a s s i f i c a t i on  accuracies of pooled age model s ,  1 arge differences in 
scale  feature  measurements between age groups, and inconclusive r e s u l t s  from 
i n i t i a l  f e a s i b i l i t y  s tudies  led t o  the  general conclusion t h a t  the  u t i l i t y  of 
scale  pat terns  analysis  could not be determined fo r  Yukon River f a l l  chum 
salmon unless: 1)  more accurate methods of aging could be developed, and 2) 
scale  sampling programs were designed t o  meet SPA requirements f o r  sample 
s izes  and numbers of stocks sampled. 

An a l t e rna t i ve  method of stock iden t i f i ca t ion  i s  e lect rophoret ic  analysis  of 
f i s h  t i s sue  prote ins ,  which has recently been shown t o  be useful f o r  
estimating stock composition of chum salmon catches in Br i t i sh  Col umbi a 
(Beacham e t  a1 . 1985). Beacham (Department of Fisheries and Oceans, Nanaimo, 
B . C . ,  personal communications) investigated the  f e a s i b i l i t y  of using t h i s  
technique t o  estimate f a l l  chum salmon stock contributions in Yukon River 
D i s t r i c t  1 t e s t  f i shing catches during 1985 and 1986. Baseline samples from 
individual stocks were collected from the Delta, Toklat,  Sheenjek, Chandalar, 
mainstem Porcupine, Fishing Branch, Kluane, Koidern, and mainstem Yukon 
Rivers during 1984-86. He estimated the  average contribution of A1 askan 
stocks in 1985 and 1986 t o  be 39% and 62%, respectively.  

The U.S. Fish and Wild1 i f e  Service (USFWS) i s  current ly  f i na l i z ing  plans t o  
continue research on the  u t i l i t y  of t h i s  method during 1987 (R. L. Wilmot, 
USFWS, Anchorage, personal communications). However, there  are  several 
drawbacks t o  using electrophoresis  f o r  stock iden t i f i ca t ion  of Yukon River 
f a l l  chum salmon, including: 1)  sample col lect ion and processing are  cos t ly  
and l o g i s t i c a l l y  d i f f i c u l t ,  2 )  preliminary r e su l t s  have indicated possibly 
poor discrimination f o r  some important stocks,  pa r t i cu la r ly  the  Sheenjek and 
Kluane Rivers ( T .  D. Beacham, Department of Fisheries and Oceans, Nanaimo, 
B . C . ,  personal communications), and 3) interannual var iabi l  i t y  of a1 l e l  i c  
frequencies within stocks may be high, necessi tat ing too frequent updating of 



known-origin base 1 ine samples (R. L. Wilmot, personal communications, USFWS, 
Anchorage). 

ADF&G has continued t o  invest igate  the  f e a s i b i l i t y  of scale  pat terns  analysis  
as a method of stock assessment since: 1 )  f e a s i b i l i t y  of electrophoresis  has 
not been compl e t e ly  establ  i  shed, 2 )  scales  are  coll  ected annually fo r  
age-sex-size analyses, and 3 )  scale  feature  measurements may have u t i l i t y  
when incorporated with electrophoresis  r e su l t s  in maximum likelihood 
techniques. Techniques fo r  accurately aging f a l l  chum salmon using vertebrae 
were developed (Clark 1987) which permit the construction of models using 
only scales  from f i sh  of the same brood year. Sampling fo r  scales  and 
vertebrae was expanded t o  include a l l  ident i f ied  major spawning populations, 
with su f f i c i en t  samples collected from each stock t o  construct  models f o r  
both major age groups. 

C1 a s s i f i c a t i on  accuracies of 1 inear discriminant models were used t o  assess 
the  feas i  bi l  i t y  of using scale  feature  measurements t o  est imate stock 
contributions of f a l l  chum salmon t o  Yukon River harvests .  In addit ion,  
c l a s s i f i c a t i on  accuracies were used t o  assess scale  pat terns  analysis  as a 
method f o r  estimating the  proportions of summer and f a l l  chum salmon during 
the  mid-July t r ans i t i on  period between the  two runs. 

METHODS 

Yukon River summer and f a l l  chum salmon escapements were sampled f o r  age, 
sex, and s i z e  information using standard scale  sampl ing techniques. Sample 
goals were established according t o  statewide standards t o  meet predetermined 
levels  of accuracy and precision (D. R .  Bernard, R .  H .  Conrad, L. K .  
Branni an, ADF&G, Anchorage, personal communications) . Scales were col 1 ected 
from the  l e f t  s ide  of the  f i sh  approximately two rows above the  l a t e r a l  1 ine 
and on the  diagonal row downward from the  poster ior  inser t ion of the  dorsal 
f i n  (INPFC 1963). Scales were mounted on gum cards and impressions were made 
in ce l l  ulose aceta te  (Cl u t t e r  and Whi tesel  1956). Vertebrae were col l  ected 
f o r  age determination from f a l l  chum salmon spawning in Yukon River 
t r i b u t a r i e s  in Alaska. Ages were recorded in European notation.  

Mode7 Construction 

Sel ec t  i on of Standards 

Major spawninq stocks included in model construction were represented by 
scales  sampled from escapements t o  the  Delta, Toklat, Sheenjek, and Fishing 
Branch Rivers, and fishwheel catches from the  mainstem Yukon River upstream 

'Sampl ing of Alaskan escapements was conducted by Alaska Department of Fish 
and Game s t a f f ,  Division of Commercial Fisheries.  Sampling of Canadian 
escapements and catches was conducted by Canadian Department of Fisheries 
and Oceans s t a f f .  



of t h e  U.S./Canada border .  Sample goa l s  f o r  escapements in  A1 aska were 450 
f i s h  from each stream t o  obta in  an age composition e s t ima te  f o r  a populat ion 
with t h r e e  major age groups a t  a 90% chance of being wi th in  20.05 percentage 
p o i n t s  of t h e  t r u e  propor t ion .  Samples from t h e  Delta  and Toklat  Rivers  were 
c o l l e c t e d  dur ing  peak spawner d i e - o f f .  While most samples were c o l l e c t e d  from 
ca rcas ses ,  150 samples from each r i v e r  were c o l l e c t e d  from s a c r i f i c e d  l i v e  
f i s h .  Sca l e  samples from t h e  Sheenjek River were c o l l e c t e d  from beach s e i n e  
ca t ches  made during opera t ion  of a s idescan sonar  escapement enumeration 
p r o j e c t  and from ca rcas ses  subsequent t o  seasonal te rmina t ion  of  t h e  p r o j e c t .  

Sample goa l s  f o r  chum salmon sampled in  Canada were e s t a b l i s h e d  by Canadian 
Department of F i s h e r i e s  and Oceans (DFO) personnel .  Sca le  samples of 940 f i s h  
from t h e  Fishing Branch River were c o l l e c t e d  from up t o  40 1 i v e  f i s h  per  day 
passing through a weir .  Samples represent ing  spawning escapements t o  
t r i b u t a r i e s  of  t h e  mainstem Yukon River i n  Canada were c o l l e c t e d  from a l l  
chum salmon caught with f ishwheels  during t h e  marking phase of  a DFO tagging 
p r o j e c t  t o  e s t ima te  up r ive r  escapement ac ros s  t h e  U.S./Canada border .  These 
fishwheel samples were considered t o  be t h e  most r e p r e s e n t a t i v e  composite 
a v a i l a b l e  f o r  escapements t o  t h e  mainstem Yukon River and i t s  t r i b u t a r i e s  i n  
Canada, and were loca t ed  downstream of a l l  major documented spawning 
concen t r a t ions .  Radiotelemetry s t u d i e s  (Mil l igan e t .  a1 1984) have ind ica t ed  
t h a t  escapements t o  t h e  mainstem Yukon River and White River sub-basin 
( inc luding  t h e  Kluane and Koidern Rivers)  comprise 60% and 34%, r e s p e c t i v e l y ,  
of t h i s  Canadian component. Escapement samples from Canadian r i v e r s  could not 
be pooled t o  form a reasonable s tandard  due t o  t h e  l a c k  of  samples from 
s i g n i f i c a n t  spawning popula t ions ,  p a r t i c u l a r l y  t h e  mainstem Yukon River. 

The a n a l y s i s  was l i m i t e d  t o  age-0.3 and -0.4 f i s h  a s  t h e s e  two age c l a s s e s  
comprised over  90% of a l l  sampled ca t ches  and escapements of  Yukon River 
f a l l  chum salmon i n  1986 (Buklis  I n  press). The sample s i z e  goal f o r  s tock  
s tandards  was 200 s c a l e s  f o r  each spawning s tock  and age group. This  sample 
s i z e  was intended t o  opt imize p rec i s ion  l e v e l s  ob ta inab le  f o r  ca tch  
a l l o c a t i o n s  with c o s t s  of s c a l e  d a t a  a c q u i s i t i o n  (R. H.  Conrad, ADF&G, 
Anchorage, personal communication). However, 200 sca l  e s  were not  avai 1 abl e 
f o r  many s tock  s tandards  and a l l  samples a v a i l a b l e  were used i n  such cases .  

Five-way c l a s s i f i c a t i o n  models were cons t ruc ted  f o r  each age c l a s s  using 
samples from indiv idua l  f a l l  chum salmon spawning escapements and ca t ches .  
In add i t i on ,  three-way (Tanana, Porcupine, and Canadian Yukon) model s were 
cons t ruc ted  t o  t e s t  t h e  u t i l i t y  of  pooled s tock  s tandards  f o r  Tanana and 
Porcupine River dra inage  systems. Samples from t h e  Delta  and Toklat  Rivers 
were used t o  r ep re sen t  t h e  Tanana River dra inage  s tandard ,  while  samples from 
t h e  Sheen j ek  and Fishing Branch Rivers  represented  t h e  Porcupine River 
s tandard .  Samples from indiv idua l  s tocks  were s e l e c t e d  in  propor t ion  t o  t h e i r  
es t imated escapement abundance (Table 1 )  a s  i nd ica t ed  by expanded mul t ip l e  
surveys f o r  t h e  Toklat  and Delta  Rivers ,  sonar  count f o r  t h e  Sheenjek River,  
weir  count  f o r  t h e  Fishing Branch River,  and prel iminary populat ion e s t ima te s  
from tagging  s t u d i e s  f o r  t h e  Canadian mainstem Yukon River.  

Two-way c l a s s i f i c a t i o n  models f o r  summer chum and f a l l  chum salmon were 
cons t ruc ted  f o r  both age-0.3 and -0.4 f i s h .  Sca le  samples r ep re sen t ing  t h e  
f a l l  chum salmon run were s e l e c t e d  from t h e  Del ta ,  Tokla t ,  Sheenjek, and 



Table 1 .  Age and sex compos i t i on  of Yukon R i v e r  f a l l  chum salmon sampled gram t h e  D i s t r i c t  1 
commercial  h a r v e s t  and escapements t o  major  spawning areas, 1986 . 

L o c a t i o n  and 
Harvest  o r  Abundance Sample 

E s t i m a t i o n  Method Es t imate  S i z e  Sex 

Brood Year and Age Grou 
1983 1982 1981 19i0 

a T - 6 m  T o t a l  

D i s t r i c t  1 59,352 1,366 Female Percent  3.7 44.5 11.6 0.4 60.2 
Commercial G i l l n e t  Number 2,198 26,429 6,898 224 35,749 

Harvest  
Male Percent  2.8 28.1 8.8 0.1 39.8 

Number 1,670 16,656 5,239 38 23,603 

Combined Percent  6.5 72.6 20.4 0.4 100.0 
Number 3,868 43,085 12,137 262 59,352 

SE 397 71 7 648 106 

T o k l a t  R i v e r  18,903 445 Female Percent  2.0 37.8 7.2 0.2 47.2 
Expanded M u l t i p l e  Number 382 7,136 1,359 42 8,921 

Survevs 
Male Percent  0.9 42.0 9.2 0.7 52.8 

Number 170 7,944 1,742 127 9,983 

Combined Percent  2.9 79.8 16.4 0.9 100.0 
Number 552 15,080 3,101 170 18,903 

SE 151 360 332 85 

D e l t a  R i v e r  6,703 442 Female Percent  5.0 39.4 7.7 0.2 52.3 
Expanded M u l t i p l e  Number 334 2,638 516 15 3,503 

Survevs . - , - 
Male Percent  2.7 37.8 7.2 0.0 47.7 

Number 182 2,533 485 0 3,200 

Combined Percent  7.7 77.1 14.9 0.2 100.0 
Number 516 5,171 1,001 15 6,703 

S E 85 134 114 14 

Sheenjek R i v e r  83,197 442 Female Percent  5.0 22.2 27.6 0.5 55.2 
Sonar Count Number 4,141 18,447 22,964 376 45,928 

Male Percent  3.2 19.0 22.4 0.2 44.8 
Number 2,635 15,811 18,635 188 37,269 

Combined Percent  8.1 41.2 50.0 0.7 100.0 
Number 6,776 34,258 41,599 564 83,197 

S E 1,081 1,950 1,981 330 

F ish ing-Branch  R i v e r  31,173 629 Female Percent  2.7 26.9 24.5 0.2 54.2 
We1 r Count Number 843 8,376 7,632 50 16,901 

Male Percent  1.3 21.3 22.3 1.0 45.8 
Number 396 6,641 6,938 297 14,272 

Combined Percent  4.0 48.2 46.7 1.1 100.0 
Number 1,239 15,017 14,570 347 31,173 

S E 79 622 621 130 

Mainstem Yukon R i v e r  825 41 Female Percent  4.9 46.3 19.5 0.0 70.7 
M i n t o  Area 

Peak A e r i a l  Survey Male Percent  0.0 17.1 12.2 0.0 29.3 
Index o f  Abundance 

Combined Percent  4.9 63.4 31.7 0.0 100.0 
S E 3.4 7.6 7.4 0.0 

Kluane R i v e r  b 16,686 181 Female Percent  0.6 47.0 6.6 0.0 54.1 
Peak A e r i a l  Survey 
Index o f  Abundance Male Percent  0.0 34.3 11.1 0.6 45.9 

Combined Percent  0.6 81.2 17.7 0.6 100.0 
S E 0.6 2.9 2.8 0.6 

a A l l  samples c o l l e c t e d  by carcass survey, except f o r  Sheenjek R i v e r  (beach s e i n e )  and 
F i s h i n g  Branch R i v e r  ( L i v e  sampled a t  w e i r ) .  Those spawning areas w i t h  t o t a l  season 
p o p u l a t i o n  es t imates  a r e  appor t ioned  by  age and sex, w h i l e  o n l y  t h e  sample compos i t i on  
i s  p resen ted  f o r  those  areas w i t h  o n l y  i n d i c e s  o f  abundance. 

P r e l i m i n a r  r e s u l t s  f rom a mark and r e c a p t u r e  s t u d y  conducted by  D F O  i n d i c a t e d  a t o t a l  o f  
87,990 f i s x  c rossed  t h e  U.S./Canada border  i n  t h e  ma~ns tem Yukon R iver .  



Fishing Branch Rivers, and Yukon Terr i tory  f i  shwheel catches. Scales 
representing the  summer chum salmon run were selected from samples of the  
Anvi k ,  Andreafsky, and Nu1 ato  River escapements, and Tanana River commerci a1 
and subsistence catches. All samples were selected in proportion t o  t h e i r  
estimated escapement abundance pooled f o r  each race.  Anvik River samples 
comprised approximately 65% of the  summer chum salmon stock standard. 

Scale Features Measurement 

Measurements of scal e features  were made using standardized f i s h  scale  
d ig i t i z i ng  techniques. Scale images were projected a t  l O O X  magnification 
using equipment s imilar  t o  t ha t  described by Ryan and Chr i s t i e  (1976), and 
measurements were made and recorded by a microcomputer-controlled d i g i t i z i n  
system. Measurements were taken along a standard drawing axis  about 20 8 
dorsal of the  primary axis  (a poster ior-anter ior  l i n e  approximately 
perpendicul a r  t o  the  sculptured f i e l d ) .  The di stance between each c i rcul  us 
along the  axis  in selected scale  growth zones was recorded. 

Three growth zones were measured fo r  age-0.3 f a l l  chum salmon (Figure 3) 
within the  f i r s t  annular zone as follows: (1) scale  focus t o  the  outside 
edge of t he  freshwater growth zone, (2) the  l a s t  c i rculus  of freshwater 
growth t o  the  end of the  supplementary check ( f i r s t  ocean growth zone), and 
(3) the  l a s t  c i rcu lus  of the  supplementary check t o  the  outer edge of the  
f i r s t  annulus (second ocean growth zone). The t o t a l  distance from the  l a s t  
c i rcul  us of the  f i r s t  annulus t o  the l a s t  c i rcul  us of the  second annulus ( the  
second annular zone) was a lso  measured. Incremental distances and c i r cu l i  
counts were used t o  calcula te  seventy sca le  characters (Appendix B.l) f o r  
t h i s  age group. 

Because of the  d i f f i c u l t y  in determining the  edge of freshwater growth fo r  
some stocks,  only two growth zones from the  f i r s t  annular zone were measured 
f o r  age-0.4 f a l l  chum salmon (Figure 3) .  These two zones were: 1)  the  focus 
t o  the  l a s t  c i rculus  of the  supplementary check (freshwater growth plus f i r s t  
ocean growth zone), and 2) the  l a s t  c i rculus  of the  supplementary check t o  
the  outer edge of the  f i r s t  annulus (second ocean growth zone). In addit ion,  
incremental distances between c i rcul  i  from the  second annular zone were 
measured. Eighty-five scale  characters (Appendix B. 2 )  were calculated from 
the  basic incremental distances and c i rcu l  i  counts fo r  t h i s  age group. 

Cl ass i  f i  c a t  i  on accuracies fo r  three  measurement schemes were compared t o  
evaluate the  u t i l i t y  of measuring multiple growth zones within the  f i r s t  
annular zone. Incremental distances and c i r cu l i  counts fo r  zones 1,  2, and 3 
as defined f o r  age-0.3 f i s h  from the  Delta River and Canadian fishwheel 
catches were combined t o  calcula te  scale  characters f o r  two zones (as  
described fo r  age-0.4 f i sh )  and fo r  one zone (from the focus t o  the  l a s t  
c i rculus  of the  f i r s t  marine annulus). Class i f icat ion accuracies were s imilar  
f o r  a l l  three  measurement schemes, and discriminant models f o r  summer chum 
vs. f a l l  chum salmon were constructed using scale  characters calculated f o r  a 
s ingle  growth zone (focus t o  the  l a s t  c i rculus  of the  f i r s t  annulus) within 
the  f i r s t  annular zone. Eighty-six scale  characters (Appendix B.3) were 
calculated and used t o  c l a s s i fy  age-0.4 summer and f a l l  chum salmon. Due t o  
resorption of some sca les ,  age-0.3 summer and f a l l  chum salmon were 
c l a s s i f i ed  using only the  fo r ty  scale  characters calculated f o r  the  f i r s t  
annul a r  zone. 



Figure 3.  Age 0.3 chum salmon scale showing growth zones measured for l inear  
discriminant analysis of age 0.3 and 0.4 Yukon River chum salmon, 
1986. 
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Sel e c t  i on o f  Var i  abl es 

Mean, var iance, and one-way ana lys is  o f  var iance F - s t a t i  s t i c  were ca l cu la ted  
f o r  each sca le  charac ter  generated t o  evaluate t h e i r  d i s c r i m i n a t o r y  u t i l i t y .  
Se lec t i on  o f  scale characters f o r  t h e  ana lys is  was by a  forward stepping 
procedure us ing  p a r t i a l  F - s t a t i s t i c s  as the  c r i t e r i a  f o r  en t r y /de le t i on  o f  
va r i ab les  (Ens le in  e t  a l .  1977). Selected va r iab les  were entered i n t o  o r  
removed f rom a  l i n e a r  d i sc r im inan t  f u n c t i o n  (F isher  1936) i n  a  step-wise 
manner. A t  each step, a  c l a s s i f i c a t i o n  m a t r i x  o f  ac tua l  vs. c l a s s i f i e d  groups 
o f  o r i g i n ,  and a  mean c l a s s i f i c a t i o n  accuracy were c a l c u l a t e d  us ing  the  
1  eavi ng-one-out procedure o f  Lachenbruch (1967). Frequency d i s t r i b u t i o n s  were 
p l o t t e d  f o r  each se lec ted  scale v a r i a b l e  and s u b j e c t i v e l y  examined f o r  
v i o l a t i o n s  o f  assumed normal i ty .  S t a t i s t i c a l  t e s t s  f o r  no rma l i t y  were n o t  
app l ied  as t h e  method has been shown t o  be robust  t o  v i o l a t i o n s  o f  no rma l i t y .  
Sub jec t ive  examination was p r i m a r i l y  t o  de tec t  b imoda l i t y ,  extreme skewness 
o r  k u r t o s i s ,  and data  o u t l i e r s  due t o  record ing  and measurement e r r o r s .  

Eva lua t ion  o f  D iscr iminant  Models 

Di sc r im i  nant model s  which produced the  h ighes t  c l  ass i  f i c a t i  on accuracies and 
i n c l  uded o n l y  va r i ab les  w i t h  acceptable frequency d i s t r i b u t i o n s  were se l  ected 
and evaluated. I n  general,  researchers us ing  SPA techniques seek c l  ass i  f i c a -  
t i o n  accuracies a t  1  east  20-30% g rea te r  than random chance. I f  c l  ass i  f i c a t i o n  
accuracies are  acceptable, s tock composit ion est imates w i t h  90% conf idence 
i n t e r v a l s  which are w i t h i n  - t25-30% o f  t h e  est imate are sought. 

Mu7tip7e Axis Measurements 

Two geograph ica l l y  d i s t a n t  stocks which had p rev ious l y  poor SPA s e p a r a b i l i t y  
and had a l so  been subjected t o  ver tebra  aging were chosen f o r  t e s t i n g  scale 
f e a t u r e  measurements made us ing  more than one ax is .  E igh t  axes (F igure  4) 
o r i g i n a t i n g  a t  t he  focus were de f ined as fo l l ows :  1) a  l i n e  d o r s a l l y  
perpendicular  t o  t he  standard a n t e r i o r - p o s t e r i o r  drawing ax is ,  2) a  l i n e  
b i s e c t i n g  t h e  angle between a x i s  number one and a  1  i n e  17- l / Z O  dorsa l  o f  t he  
standard drawing ax is ,  3) a  1  i n e  17-l /ZO dorsal  t o  t he  standard drawing ax is ,  
4) t h e  standard drawing ax is ,  5) a  l i n e  17-l /ZO ven t ra l  t o  t h e  standard ax is ,  
6) a  l i n e  b i s e c t i n g  t h e  angle between the  f i f t h  a x i s  and the  ven t ra l  
perpend icu la r  o f  t he  standard ax is ,  7) t h e  ven t ra l  perpendicular  o f  t he  
standard a x i s  and 8) the  p o s t e r i o r  extension o f  t h e  second ax i s .  

An a r b i t r a r y  sample s i z e  o f  f i f t y  f i s h  each from the  De l ta  and Sheenjek R iver  
escapements, which were p rev ious l y  measured us ing  standard s i n g l e  a x i s  
measurements, were a1 so measured f o r  mu1 t i p l e  a x i s  scale fea tures .  This  
sample s i z e  was chosen according t o  the  t ime a v a i l a b l e  f o r  d i g i t i z i n g .  I n  t h e  
course o f  t he  ana lys i s  several samples were found t o  be unusable and the  
ana lys i s  was completed w i t h  42 f i s h  f o r  each stock. The t o t a l  incremental 
d is tance f rom t h e  focus t o  the  i n t e r s e c t i o n  o f  a x i s  number 1 w i t h  the  l a s t  
c i r c u l u s  o f  t he  f i r s t  annulus was measured and recorded. The seven d is tances 
between succeeding adjacent axes along t h e  circumference o f  t he  f i r s t  annulus 
( i .e . ,  chord lengths)  were measured and recorded. The sum o f  these d is tances 
around the  circumference o f  the  f i r s t  annulus (sum o f  t he  chord lengths) ,  and 
the  sum o f  a1 1  d is tances  measured were ca lcu la ted .  



L
 
0
 

r
c

.
 



RESULTS AND DISCUSSION 

Classification Accuracy 

Mean c l a s s i f i c a t i on  accuracies (Table 2) were low fo r  the  age-0.3 five-way 
model f o r  individual spawning stocks (38.7%) and three-way model using 
individual spawning stocks pooled f o r  major drainages of or igin  (49.0%). 
Sheenjek River samples showed the  highest c l a s s i f i c a t i on  accuracy (55.6%) and 
were most frequently miscl ass i f i ed  as Fishing Branch River f i s h  (20.9%). 
More Canadian mainstem Yukon River drainage samples were misclass i f ied as 
Delta River f i sh  (28.4%) than were c l a s s i f i ed  cor rec t ly  (21.8%) in the  
f i ve-way model . Correct c l a s s i f i c a t i on  of Canadian Yukon River drainage f i sh  
in the  three-way major drainage mode1 increased t o  50.8%, and was probably 
due t o  the  r e l a t i ve ly  small number of Delta River samples (62) included in 
the  Tanana River drainage standard. Major variables selected fo r  construction 
of these models were the  number of c i r cu l i  of freshwater growth, the  distance 
from the  end of freshwater growth t o  the  supplementary check, and the  
proportion of the  f i r s t  annular zone represented by freshwater growth. 

Five-way c l a s s i f i c a t i on  of age-0.4 individual stocks (Table 3 )  was l e s s  
accurate (28.0%) than fo r  age-0.3 f i sh .  Unlike the  age-0.3 model, age-0.4 
samples from the  Canadian mainstem Yukon River drainage showed the  highest 
accuracy a t  42.0% correct ly  c l a s s i f i ed .  Only 11.1% and 10.5% of the  Delta 
and Fi shing Branch River samples, respectively,  were cor rec t ly  cl ass i  f i ed .  
This i s  considerably below the  20% cor rec t ly  c l a s s i f i ed  t ha t  would be 
expected from random chance a1 one. Mean cl ass i  f i c a t i  on accuracy fo r  the  
age-0.4, three-way, drainage-of-origin model (46.6%) was s imilar  t o  mean 
accuracy f o r  the  age-0.3 model (49.0%). Primary vari abl es  selected fo r  
age-0.4 models were the  number of c i r cu l i  in the  f i r s t  annular zone, the 
width of the  supplementary check, and the  t o t a l  s i z e  of t he  f i r s t  and second 
annul a r  zones summed. Compari sons of group means, standard e r ro r s ,  and 
one-way analysis  of variance F-test  f o r  annular growth zones of age-0.3 and 
-0.4 f i s h  are  presented in Appendix C.1. 

Previous stock iden t i f i ca t ion  s tudies  of Yukon River fa1 1 chum salmon 
(Appendices A.  1-A. 5) which used model s f o r  three or  four individual t r i bu t a ry  
stocks resul ted in mean c l a s s i f i c a t i on  accuracies ranging from 1.8 t o  2.3 
times what would be expected from random chance alone. However, 
c l a s s i f i c a t i on  accuracies f o r  some models were probably posi t ively  biased as 
accuracies were generated using a se1 f -cl ass i  f i c a t i  on procedure. Thi s 
procedure employs the  same samples used fo r  construction of the  model t o  
estimate accuracy, and previous invest igators  estimated bias t o  be 4-8% 
(Krasnowski 1978). Considering t h i s  posi t ive  bias ,  c l a s s i f i c a t i on  accuracies 
fo r  five-way models fo r  1986 were somewhat s imilar  t o  previous r e su l t s  in 
t ha t  mean c l a s s i f i c a t i on  accuracies were approximately 1.3 t o  1.9 times 
g rea te r  than would be expected from random chance alone. The low mean 
cl ass i  f i c a t i on  accuracies fo r  three-way model s of Tanana, Porcupine, and 
Canadian Yukon River stock groupings in 1986 were very s imilar  f o r  both ages 
0.3 and 0.4 (49.0% and 46.6%, respectively) t o  1974, 1975, and 1982 models 
(44.1%, 54.6%, and 50.2%, respectively) constructed from pooled age-0.2 and 
-0.3 samples. 



Table 2. Classification accuracies of linear discriminant 
models for age-0.3 Yukon River fall chum salmon, 1986. 

Classified 
River of Origin 

Actual 
River of Sample Fishing Canadian 
Origin Size Toklat Delta Sheenjek Branch Yukon 

Toklat 201 0.308 0.234 0.194 0.129 0.134 
Delta 189 0.169 0.434 0.074 0.153 0.169 
Sheen j ek 153 0.085 0.085 0.556 0.209 0.065 
Fishing Branch 201 0.129 0.104 0.219 0.418 0.129 
Canadian Yukon 197 0.152 0.284 0.152 0.193 0.218 

Mean Classification Accuracy = 0.387 

Variables in the analysis: 1, 34, 68, 54, 15, 62. 
(Refer to Appendix B.l) 

Classified 
River of Origin 

Actual 
River of Sample Canadian 
Origin Size Tanana Porcupine Yukon 

Tanana 262 
Porcupine 224 
Canadian Yukon 19 7 

Mean Classification Accuracy = 0.490 

Variables in the analysis: 1, 63, 34, 5, 14. 
(Refer to ~ppendix B.l) 



Table 3. Classification accuracies of linear discriminant 
models for age-0.4 Yukon River fall chum salmon, 1986. 

Classified 
River of Origin 

Actual 
River of Sample Fishing Canadian 
Origin Size Toklat Delta Sheenj ek Branch Yukon 

Toklat 64 0.406 0.078 0.266 0.078 0.172 
Delta 63 0.238 0.111 0.254 0.095 0.302 
Sheenj ek 181 0.182 0.122 0.359 0.122 0.215 
Fishing Branch 200 0.255 0.110 0.295 0.105 0.235 
Canadian Yukon 200 0.175 0.125 0.225 0.055 0.420 

Mean Classification Accuracy = 0.280 

Variables in the analysis: 81, 14, 74. 
(Refer to Appendix B.2) 

Classified 
River of Origin 

Actual 
River of Sample Canadian 
Origin Size Tanana Porcupine Yukon 

Tanana 84 0.452 0.262 0.286 
Porcupine 265 0.242 0.494 0.264 
Canadian Yukon 200 0.260 0.290 0.450 

Mean classification Accuracy = 0.466 

Variables in the analysis: 81, 85, 14, 74, 34. 
(Refer to Appendix B.2) 



Two-way models c lass i fying 1986 summer chum and f a l l  chum salmon t o  r u n  of 
or igin  yielded c l a s s i f i c a t i on  accuracies fo r  age-0.3 and -0.4 samples of 
67.1% and 65.9%, respectively (Table 4 ) .  Bethe (1978) obtained s imilar  mean 
c l a s s i f i c a t i on  accuracies of 59.1% and 62.9% f o r  age-0.2 and -0.3 f i sh ,  
respect ively ,  in  three-way c l a s s i f i c a t i ons  of Tokl a t ,  Sheenjek, and Anvi k 
River samples. Variables selected fo r  construction of the  age-0.3 model were 
the  dis tance from the  focus t o  the  s ix th  c i rcu lus ,  focus t o  the  twelfth 
c i rcu lus ,  and t h i rd  t o  f i f t e en th  c i rculus  of the  f i r s t  annular zone. Major 
variables selected fo r  the  age-0.4 model were derived primarily from the  
second annul a r  zone. 

Multiple A x i s  Measurements 

Methods f o r  improving the  performance of standardized scale  pat terns  analysis  
f o r  Yukon River f a l l  chum salmon were investigated.  Adding measurements of 
the  in te rva l s  between eight pre-set  axes along the  length of the  f i r s t  ocean 
annulus t o  the  standard sca le  feature  measurement model f o r  f a l l  chum salmon 
from the  Toklat and Sheenjek Rivers in 1986 improved mean c l a s s i f i c a t i on  
accuracy from 72.6% t o  76.2% (Table 5).  Bethe (1978) found t ha t  using 
computed cha rac t e r i s t i c s  of f i sh  length divided by the  in terval  distance of 
each portion of the  sca le ,  f i s h  length alone, and the  computed cha rac t e r i s t i c  
of f i sh  length divided by the  number of c i r c u l i  in the  supplementary check 
improved mean c l  ass i  f i  cat ion accuracy from 62.9% t o  66.7% fo r  a three-way 
c l a s s i f i c a t i on  of 1974 Sheenjek, Toklat, and Anvi k River f i sh  sampled in 
1974. 

Stock iden t i f i ca t ion  methods using measurements of sca le  features  and 
morphometric cha rac t e r i s t i c s  are  based on the  premise t h a t  d i f fe r ing  
environmental i n f l  uences upon geographical l y  separate groups of f i  sh r e s u l t  
in growth his tory  differences t ha t  may be used t o  iden t i fy  the  individual 
groups. These growth his tory  differences between stocks must be g rea t  enough 
t o  be iden t i f i ed  through measurements of scale  features  or  morphometric 
charac te r i s t i cs .  While technique refinements t o  standard measurements may 
of fe r  some help in improving discrimination somewhat f o r  stocks t h a t  are 
bas ical ly  d i f f e r en t ,  i t  appears unlikely t ha t  these f i ne  adjustments can 
grea t ly  improve c1 ass i  f i c a t i  on accuracy fo r  stocks with simi 1 a r  growth 
h i s t o r i e s .  

CONCLUSIONS 

Acceptable 1 eve1 s of c l a s s i f i c a t i on  accuracies and confidence interval  s f o r  
stock composition estimates must be obtainable t o  provide usable information 
t o  f ishery managers. Results from SPA investigations of Yukon River f a l l  chum 
salmon from 1976 were very encouraging fo r  a three-way c l a s s i f i c a t i on  of the  
Sheenjek, Toklat,  and Delta River stocks (75.6% mean c l a s s i f i c a t i on  
accuracy). However, c l a s s i f i c a t i on  accuracies fo r  discriminant models from 
a1 1 other previous s tudies  were generally 1 ow, and recommendations were made 
f o r  continuation of f e a s i b i l i t y  s tudies  only with improvements t o  sampling 
design and aging techniques. Fall chum salmon SPA studies  in 1986 
incorporated recommended changes fo r  1 arger sample s izes ,  g rea te r  numbers of 



Table 4. Classification accuracies of linear discriminant 
models for age-0.3 and-0.4 Yukon River summer 
chum and fall chum salmon, 1986. 

Classified 
Run of Origin 

Actual 
Run of 
Origin 

Sample Summer Chum Fall Chum 
Size Salmon Salmon 

Summer Chum Salmon 262 0.632 0.368 

Fall Chum Salmon 197 0.290 0.710 

Mean Classification Accuracy = 0.671 

Variables in the analysis: 4, 6, 10. 
(Refer to Appendix B.3) 

Actual 
Run of 
Origin 

Classified 
Run of Origin 

Sample Summer Chum Fall Chum 
Size Salmon Salmon 

Summer Chum Salmon 189 0.688 0.312 

Fall Chum Salmon 200 0.370 0.630 

Mean Classification Accuracy = 0.659 

Variables in the analysis: 70, 39, 73, 24, 59,74. 
(Refer to Appendix B.3) 



Table 5. Classification accuracies of linear discriminant 
models using single axis measurements and multiple 
axis measurements for age-0.3 Toklat and Sheenjek 
River fall chum salmon, 1986. 

Sinqle Axis Classified 
River of Origin 

Actual 
River of Sample 
Origin Size Toklat Sheen j ek 

Toklat 42 0.714 0.286 

Sheenj ek 42 0.262 0.738 

Mean Classification Accuracy = 0.726 

Variables in the analysis: 61. 
(Refer to Appendix B.l) 

Multiple Axes Classified 
River of Origin 

Actual 
River of Sample 
Origin Size Toklat Sheenj ek 

Toklat 42 0.690 0.310 

Sheenj ek 42 0.310 0.690 

Mean Classlficatlon Accuracy = 0.690 

Variables in the analysis: Sum of chord distances. 

Combined Classified 
River of Origin 

Actual 
River of Sample 
Origin Size Toklat Sheen j ek 

Toklat 42 0.810 0.190 

Sheenj ek 42 0.286 0.714 

Mean Classification Accuracy = 0.762 

Variables in the analysis: 61, Sum of chord distances. 
(Refer to Appendix B.l) 
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APPENDIX A: PREVIOUS INVESTIGATIONS 



Appendix A.1. Classification accuracies of linear 
discriminant models for age-0.2 and -0.3 
Yukon River fall chum salmon, 1974. 

~qe-0. 2a,b 
Actual 

Classified River of origin 

River of Sample 
Origin Size Sheenj ek Toklat 

Sheenj ek 
Toklat 

Mean Classification Accuracy = 0.676 

~ s e - 0 . 3 ~ 1 ~  Classified River of Origin 
Actual 
River of Sample 
Origin Size Sheen j ek Toklat 

Sheen j ek 
Toklat 

Mean Classification Accuracy = 0.708 

Aqe-0. 3b,c Classified River of Origin 
Actual 
River of Sample Fishing Canadian 
Origin Size Branch Yukon 

Fishing Branch 
Canadian Yukon 

Mean Classification Accuracy = 0.753 

Pooled ~ q e s ~ , ~  Classified River of Origin 
Actual 
River of Sample Canadian 
Origin Size Tanana Porcupine Yukon 

Tanana 189 0.439 0.280 0.333 
Porcupine 145 0.359 0.455 0.186 
Canadlan Yukon 96 0.198 0.333 0.469 

Mean Classification Accuracy = 0.441 

a From Bethe (1978) . 
Self classification accuracy. 
From P.V. Krasnowski (personal communications, ADFLG, 
Anchorage) . 
From D. N. McBride (peronal cornrnunications, ADF&G, 
Anchorage) . 
Leaving-one-out classification accuracy. 



Appendix A.2. Classification accuracies of linear 
discriminant models for ukon River i: fall chum salmon, 1975~1 . 

Pooled Acres Classified 
River of Origin 

Actual 
River of Sample Canadian 
Origin Size Tanana Porcupine Yukon 

Tanana 100 0.530 0.260 0.210 
Porcupine 100 0.090 0.680 0.230 
Canadian Yukon 51 0.431 0.255 0.314 

Mean Classification Accuracy = 0.546 

a From D.N. McBride (personal communications, ADF&G, 
Anchorage). 
Leaving-one-out classification accuracy. 



Appendix A.3. Classification accuracies of linear 
discriminant models for age-0.3 Yukon 
River fall chum salmon, 1 9 7 6 ~ 1 ~ .  

Aqe 0.3 Classified 
River of Origin 

Actual 
River of Sample 
Origin Size Sheen j ek Toklat Delta 

Sheenj ek 
Toklat 
Delta 

Mean Classification Accuracy = 0.756 

a From Bethe (1978) . 
Self classification accuracies. 



Appendix A.4. Classification accuracies of linear 
discriminant models for age-0.3 Yukon 
River fall chum salmon, 1977~. 

Aqe-0.3 b Classified 
River of Origin 

Actual 
River of Sample 
Origin Size Sheenj ek Toklat Delta 

Sheenj ek 
Toklat 
Delta 

Mean classification Accuracy = 0.605 

~cre-0. 3c Classified 
River of Origin 

Actual 
River of Sample Fishing 
Origin Size Sheen j ek Toklat Delta Branch 

Sheenj ek 40 0.425 0.175 0.150 0.250 
Toklat 40 0.200 0.550 0.050 0.200 
Delta 40 0.100 0.100 0.750 0.050 
Fishing Branch 37 0.135 0.243 0.081 .541 

Mean classification Accuracy = 0.567 

a From Krasnowski (personal communications, ADF&G, 
Anchorage) . 
Test sample set classification accuracy. 
Self classification accuracy. 



Appendix A.5. Classification accuracies of linear 
discriminant models for ukon River g fall chum salmon, 1982~' . 

Pooled Ases Classified 
River of Origin 

Actual 
River of Sample Canadian 
Origin Size Tanana Porcupine Yukon 

Tanana 153 0.471 0.255 0.274 
Porcupine 114 0.237 0.535 0.228 
Canadian Yukon 201 0.279 0.214 0.508 

Mean Classification Accuracy = 0.502 

a From McBride (personal communications, ADFtG, 
Anchorage). 
Leaving-one-out classification accuracy. 



APPENDIX B: SCALE VARIABLES SCREENED 



Appendix B.1. Scale variables screened for linear discriminant 
function analysis of age-0.3 Yukon River fall 
chum salmon, 1986. 

Variable 
1 
2 

Variable 
3 
4 
5 (18) 
6 
7 (20) 
8 
9 (22) 
10 
11 (24) 
12 
13 (26) 
14 
15 (28) 
16 
17 

18-28 
29 
30 
31 
32 

Variable 
33 
34 
35 (48) 
36 
37 (50) 
38 
39 (52) 
40 
41 (54) 
42 
43 (56) 
44 
45 (58) 
46 
47 

48-58 
59 
60 
61 
62 

Freshwater Growth Zone 
Number of circuli ( ~ c F w ) ~  
Width of zone (SFW) 

1st Marine Growth Zone 
Number of circuli (NCAOGZ) 
Width of zone (SlOGZ) 
Distance, end freshwater (CO) to circulus 2 (C2) 
Distance, CO-C4 
Distance, CO-C6 
Distance, CO-C8 
Distance, C2-C4 
Distance, C2-C6 
Distance, C2-C8 
Distance, C4-C6 
Distance, C4-C8 
Distance, C (NClOGZ -4) to end of zone 
Distance, C(NC1OGZ -2) to end of zone 
Distance, C2 to end of zone 
Distance, C4 to end of zone 
Relative widths, (variables 5-15)/S10GZ 
Average interval between circuli, SlOGZ/NClOGZ 
Number of circuli in first 3/4 of zone 
Maximum distance between 2 consecutive circuli 
Relative width, (variable 31)/SlOGZ 

2nd Marine Growth Zone 
Number of circuli (NCgOGZ) 
Width of zone (S20GZ) 
Distance, end 1st marine zone (CO) to circulus 2 (C2) 
Distance, CO-C4 
Distance, CO-C6 
Distance, CO-C8 
Distance, C2-C4 
Distance, C2-C6 
Distance, C2-C8 
Distance, C4-C6 
Distance, C4-C8 
Distance, C(NC20GZ -4) to end of zone 
Distance, C(NC20GZ -2) to end of zone 
Distance, C2 to end of zone 
Distance, C4 to end of zone 
Relative widths, (variables 35-45)/S20GZ 
Average interval between circuli, S20GZ/NC20GZ 
Number of circuli in first 3/4 of zone 
Maximum distance between 2 consecutive circuli 
Relative width, (variable 61)/S20GZ 

-connnuea- 



Appendix B. 1. (page 2 of 2) . 

Variable 
63 

Variable 
70 

1st Annular Zone 
Total number circuli to supplementary check (NCFW+ 
NClOGZ) 

Total width to supplementary check (SFW+SlOGZ) 
Total number circuli 1st annular zone (NCFW+NClOGZ+ 
NC20GZ) 

Total width 1st annular zone (SFW+SlOGZ+S20GZ) 
Relative width, SFW/Var 66 
Relative width, SlOGZ/Var 66 
Relative width, S20GZ/Var 66 

2nd Annular Zone 
Width of zone ( s ~ A z ) ~  

a Number of circuli, freshwater zone. 
Size (width) freshwater zone. 
Number of circuli, 1st ocean growth zone. 
Size (width) 1st ocean growth zone. 
Number of circuli, 2nd ocean growth zone. 
Size (width) 2nd ocean growth zone. 

g Size (width) 2nd annular zone. 



Appendix B.2. Scale variables screened for linear discriminant 
function analysis of age-0.4 Yukon River fall 
chum salmon, 1986. 

Variable 
1 
2 
3 
4 (20) 
5 
6 (22) 
7 
8 (24) 
9 

Variable 
41 
42 
43 
44 (60) 
45 
46 (62) 
47 
48 (64) 
49 
50 (66) 
51 
52 (68) 
53 

Freshwater + 1st Ocean Growth Zone a Number of circuli (NCFW+NglOGZ) 
Width of zone (SFW+SlOGZ) 
Distance, focus (CO) to circulus 3 (C3) 
Distance, CO-C6 
Distance, CO-C9 
Distance, CO-C12 
Distance, CO-C15 
Distance, C3-C9 
Distance, C3-C12 
Distance, C3-C15 
Distance, C6-C12 
Distance, C6-C15 
Distance, C9-C15 
Distance, C(NCFW+NClOGZ -6) to end of zone 
Distance, C(NCFW+NClOGZ -3) to end of zone 
Distance, C3 to end of zone 
Distance, C9 to end of zone 
Distance, C15 to end of zone 
Relative widths, (variables 3-15)/(SFW+SlOGZ) 
Average interval circuli, (SFW+SlOGZ)/(NCFW+NClOGZ) 
Number of circuli in first 1/2 of zone 
Minimum distance between 2 consecutive circuli 
Maximum distance between 2 consecutive circuli 
Relative width, (variable 34)/(SFW+SlOGZ) 
Relative width, (variable 35)/(SFW+SlOGZ) 
Number incremental distances less than 10 
Number incremental distances between 10 and 20 
Number incremental distances greater than 20 

2nd Ocean Growth Zone 
Number of circuli (NCgOGZ) 
Width of zone (S20GZ) 
Distance, supplementary check (CO) to C3 
Distance, CO-C6 
Distance, CO-C9 
Distance, CO-C12 
Distance, CO-C15 
Distance, C3-C9 
Distance, C3-C12 
Distance, C3-C15 
Distance, C6-C12 
Distance, C6-C15 
Distance, C9-C15 



Appendix B. 2. (page 2 of 2) . 

Variable 
54 (70) 
55 
56 
57 
58 

59-71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Variable 
81 
82 
83 
84 
85 

2nd Ocean Growth Zone 
Distance, C(NC20GZ -6) to end of zone 
Distance, C(NC20GZ -3) to end of zone 
Distance, C3 to end of zone 
Distance, C9 to end of zone 
Distance, C15 to end of zone 
Relative widths, (variables 43-55)/S20GZ 
Average interval between circuli, S20GZ/NC20GZ 
Number of circuli in first 1/2 of zone 
Minimum distance between 2 consecutive circuli 
Maximum distance between 2 consecutive circuli 
Relative width, (variable 74)/S20GZ 
Relative width, (variable 75)/S20GZ 
Number incremental distances less than 10 
Number incremental distances between 10 and 20 
Number incremental distances greater than 20 

Growth Zones Combined 
Number circuli 1st annular zone (NCFW+NClOGZ+NC20GZ) 
Width of 1st annular zone, (SFW+SlOGZ+S20GZ) 
Average circulus width (variable 82/variable 81) 
Relative width, SFW+SlOGZ/(SFW+SlOGZ+S2OGZ) 
Width lst+2nd annular zones (SFW+S~OGZ+S~OGZ+S~AZ~) 

a Number of circuli, freshwater + 1st ocean growth zone. 
Size (width) freshwater + 1st ocean growth zone. 
Number of circuli, 2nd ocean growth zone. 
Size (width) 2nd ocean growth zone. 
Size (width) 2nd annular zone. 



Appendix B.3. Scale variables screened for linear discriminant 
function analysis of age-0.3 and -0.4 Yukon River 
summer chum vs. fall chum salmon, 1986. 

Variable 
1 
2 
3 
4 (20) 
5 
6 (22) 
7 
8 (24) 
9 
10 (26) 
11 
12 (28) 
13 
14 (30) 
15 
16 
17 
18 

19-31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Variable 
41 
42 
43 
44 (60) 
45 
46 (62) 
47 
48 (64) 
49 
50 (66) 
51 
52 (68) 
53 

1st Annular Zone 
Number of circuli ( N ~ ~ A Z )  a 
Width of zone (SlAZ) 
Distance, focus (CO) to circulus 3 (C3) 
Distance, CO-C6 
Distance, CO-C9 
Distance, CO-C12 
Distance, CO-C15 
Distance, C3-C9 
Distance, C3-C12 
Distance, C3-C15 
Distance, C6-C12 
Distance, C6-C15 
Distance, C9-C15 
Distance, C(NC1AZ -6) to end of zone 
Distance, C(NC1AZ -3) to end of zone 
Distance, C3 to end of zone 
Distance, C9 to end of zone 
Distance, C15 to end of zone 
Relative widths, (variables 3-15)/SlAZ 
Average interval between circuli, SlAZ/NClAZ 
Number of circuli in first 1/2 of zone 
Minimum distance between 2 consecutive circuli 
Maximum distance between 2 consecutive circuli 
Relative width, (variable 34)/SlAZ 
Relative width, (variable 35)/SlAZ 
Number incremental distances less than 10 
Number incremental distances between 10 and 20 
Number incremental distances greater than 20 

2nd Annular Zone 
Number of circuli ( N ~ ~ A Z )  
Width of zone (S2AZ) 
Distance, beginning of zone (CO) to C3 
Distance, CO-C6 
Distance, CO-C9 
Distance, CO-C12 
Distance, CO-C15 
Distance, C3-C9 
Distance, C3-C12 
Distance, C3-C15 
Distance, C6-C12 
Distance, C6-C15 
Distance, C9-C15 



~ppendix B. 3. (page 2 of 2) . 

Variable 
54 (70) 
55 
56 
57 
58 

59-71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Variable 
81 

2nd Annular Zone 
Distance, C(NC2AZ -6) to end of zone 
Distance, C(NC2AZ -3) to end of zone 
Distance, C3 to end of zone 
Distance, C9 to end of zone 
Distance, C15 to end of zone 
Relative widths, (variables 43-55)/S2AZ 
Average interval between circuli, S2AZ/NC2AZ 
Number of circuli in first 1/2 of zone 
Minimum distance between 2 consecutive circuli 
Maximum distance between 2 consecutive circuli 
Relative width, (variable 74)/S2AZ 
Relative width, (variable 75)/S2AZ 
Number incremental distances less than 10 
Number incremental distances between 10 and 20 
Number incremental distances greater than 20 

Annular Zones Combined 
Number circuli 1st + 2nd annular zones (NClAZ+NC2AZ) 
Width of 1st + 2nd annular zones, (SlAZ+S2AZ) 
Average circulus width (variable 82/variable 81) 
Relative width, SlAZ/(SlAZ+S2AZ) 
Width 3rd annular zone ( s ~ A z ) ~  
Total width 1st-3rd annular zones (SlAZ+S2AZ+S3AZ) 

a Number of circuli, 1st annular zone. 
Size (width) 1st annular zone. 
Number of circuli, 2nd annular zone. 
Size (width) 2nd annular zone. 
Size (width) 3rd annular zone. 



APPENDIX C: SCALE GROWTH MEASUREMENTS 



Appendix C.1. Group means, standard errors, and one-way analysis of variance F-test 
for the number of circuli and incremental distance of salmon scale 
annular growth zone measurements from age-0.3 and -0.4 Yukon River 
chum salmon, 1986. 

1st Annular Zone 2nd Annular Zone 

Number of Circuli Incremental Distance Incremental Distance 
Stock 

Age Grouping Mean S.E. F-Value Mean S.E. F-Value Mean S.E. F-Value 

0.3 Toklat 27.68 0.12 27.470 490.56 3.20 13.778 292.76 2.44 5.278 
Delta 28.30 0.14 508.03 3.02 306.58 2.74 
Sheen j ek 26.73 0.13 484.26 2.79 303.22 2.73 
Fishing Branch 26.99 0.11 489.06 2.55 307.29 2.80 
Canadian Yukon 27.95 0.11 508.08 3.21 350.79 2.70 

Tanana 27.83 0.11 32.841 494.40 2.73 16.086 296.25 2.28 4.862 
Porcupine 26.80 0.11 485.08 2.33 304.62 2.34 
Canadian Yukon 27.95 0.11 508.08 3.21 305.79 2.70 

Summer Chum Salmon 27.26 0.14 1.730 506.42 2.81 3.993 
Fall Chum Salmon 27.51 0.12 498.41 2.82 

0.4 Toklat 26.17 0.24 13.066 477.92 4.99 4.452 283.60 3.743 3.326 
Delta 26.60 0.26 485.89 4.32 290.88 4.679 
Sheenj ek 26.20 0.12 471.55 2.42 300.87 2.583 
Fishing Branch 26.08 0.12 477.18 2.42 294.39 2.638 
Canadian Yukon 27.23 0.13 486.22 2.99 294.04 2.229 

Tanana 26.41 0.22 19.874 482.95 4.12 5.837 284.51 3.25 5.968 
Porcupine 26.19 0.11 474.46 2.07 298.94 2.23 
Canadian Yukon 27.23 0.13 486.22 2.99 294.05 2.23 

Summer Chum Salmon 26.15 0.12 2.45 479.40 2.55 0.11 301.30 2.43 8.27 
Fall Chum Salmon 26.44 0.14 478.24 2.50 291.67 2.31 
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